Abstract Background: Altered biomechanics from repetitive microtrauma, such as long practice hours in en pointe (tip of the toes) or demi pointe (balls of the feet) predispose ballet dancers to a multitude of musculoskeletal pathologies particularly in the lower extremities. Both ultrasound and magnetic resonance imaging (MRI) are radiation-sparing modalities which can be used to confidently evaluate these injuries, with ultrasound (US) offering the added utility of therapeutic intervention at the same time in experienced hands. Questions/Purposes: The purposes of this paper were: (1) to illustrate the US and MRI features of lower extremity injury patterns in ballet dancers, focusing on pathologies commonly encountered at a single orthopedic hospital; (2) to present complementary roles of both ultrasound and MRI in the evaluation of these injuries whenever possible; (3) to review and present our institutional approach towards therapeutic ultrasound-guided interventions by presenting explicit cases. Methods: Online searches were performed using the search criteria of Bballet biomechanics^and Bballet injuries.^The results were then further narrowed down by limiting articles published in the past 15 years, modality (US and MRI), anatomical region (foot and ankle, hip and knee) and to major radiology, orthopedics, and sports medicine journals. Results: Performing ballet poses major stress to lower extremities and predisposes dancer to several musculoskeletal injuries. These can be adequately evaluated by both US and MRI. US is useful for evaluating superficial structures such as soft tissues, tendons, and ligaments, particularly in the foot and ankle. MRI provides superior resolution of deeper structures such as joints, bone marrow, and cartilage. In addition, US can be used as a therapeutic tool for providing quick symptomatic improvement in these athletes for who Btime is money^. Conclusion: Performing ballet may cause major stress to the lower extremities, predominantly affecting the foot and ankle, followed by the knee and hip. US and MRI play complementary roles in evaluating various orthopedic conditions in ballet dancers, with US allowing for dynamic evaluation and guidance for interventions.
Introduction
Ballet is a physically challenging endeavor requiring long hours of rehearsals in en pointe and demi pointe positions, which lead to altered biomechanics and predispose the dancers to various lower extremity injuries. The female athlete triad, comprising of anorexia, amenorrhea, and osteoporosis due to the immense social stigma attached to the weight of the dancers, further predisposes them to injuries and delayed healing. In a 2008 study [30] , 204 elite pre-professional ballet dancers were screened over a 5-year period to identify injury patterns specific to this group. The study found that 32 to 51% of the dancers were injured each year, with 53% occurring in the foot/ankle, 21.6% occurring in the hip, 16 .1% occurring in the knee, and 9.4% occurring in the back. Although these cases and discussion target injuries encountered in ballet dancers, they can also be seen in nonballet population as well. Radiographs are usually the initial screening modality to evaluate patients, including ballet dancers with lower extremity symptoms, nonetheless, cross-sectional imaging is often necessary when radiographs are non-diagnostic. Both US and magnetic resonance imaging (MRI) are radiation-sparing modalities with unique roles. MRI, although a static examination, provides a superb global evaluation of each joint, including deep structures such as the articular cartilage, which cannot be adequately evaluated using US due to poor acoustic penetration. On the other hand, US allows detailed assessment of the superficial soft tissue structures, as in the foot and ankle. US also allows dynamic evaluation to assess structures in motion, including tendons, ligaments, and joints. In addition, US allows targeted real-time imaging guided interventions.
The role of ultrasound as a therapeutic and prognostic tool is ever evolving. Currently, commonly performed therapeutic procedures include tendon sheath injections (flexor hallucis longus, posterior tibial tendon, and iliopsoas), Achilles paratenon injections, peritendinous hamstring injections, Morton's neuromas, plantar fascia, and paralabral/ganglion cyst aspirations [83] . Tenography followed by anesthetic and steroid injection in the setting of peroneal, flexor hallucis longus (FHL), posterior and anterior tibial tendons has been shown to provide complete or near complete pain relief [43] . The exact mechanism of action of steroids is not clearly known, but they tend to exert antiinflammatory effect and provide short and intermediate term pain relief [56] . A critical complication is the possibility of tendon necrosis with intra-tendinous injection. This can be avoided by dynamic sonographic technique with clear visualization of needle placement within the tendon sheath. However, there is a much smaller very rare risk of tendon damage with peritendinous injection [76] . The role of steroids in the setting of partial thickness tendon tear is controversial and may cause tendon weakness precipitating rupture. Currently, no definite guidelines have been established regarding steroid use in partial thickness tendon tears and further research is needed. At our institution, we continue to use anesthetic and steroid mixture for low grade intrasubstance tears, tendinosis, and tenosynovitis in conjunction with conservative and rehabilitative therapy. For Achilles, plantar fascia, ligamentous injuries and patellar tendon pathologies we have been successfully using platelet rich plasma (PRP) injections with good clinical outcomes [24] .
Four main categories of injuries that are encountered in the foot and ankle of ballet dancers are tendinous, ligamentous, osseous, and several impingement syndromes. The commonly encountered hip injuries in ballet dancers due to repetitive microtrauma include chondrolabral instability, which may be associated with other complications such as paralabral ganglion cysts, which in turn may cause local compressive mass effect resulting in predominantly femoral and to a lesser extent sciatic neuropraxia. Other common hip pathologies include osseous as well as tendinous and capsular injuries resulting in impingement syndromes. In the knee, overuse injuries include sprains and strains, primarily jumper's knee and to a lesser extent pathologies of the meniscocapsular and ligamentous complex.
Methods

Search Criteria
We performed online searches using Google Scholar with initial search criteria of BBallet Injuries^and BBallet biomechanics^. The search of Bballet injuriesî dentified 22,800 articles and the search of Bballet biomechanics^identified 4340 articles which were further narrowed down by adding Blower extremity^to both search phrases which yielded 17,500 and 3449 articles respectively. Priority was initially given to articles published in the past 10 years which decreased the search results to 15,600 and 2260. Ballet biomechanics articles were then sorted by relevance. Priority was given to articles published in radiology journals by including search criteria of several radiology journals. The search Blower extremity ballet injuries^was further narrowed down by Bimaging features^in lower extremity injuries in ballet dancers which yielded 2270 results which was further subdivided as imaging features in Bfoot and ankle^, Bknee^, and Bhip^which were further subclassified by imaging modality of either MRI or US as described in detail in the flowchart. A separate search for imaging interventions in lower extremity injuries in ballet dancers yielded 2720 results which were further narrowed by ultrasound-guided interventions in foot and ankle (558 results), knee (510 results), and hip (463) results. Priority was then given to articles published in radiology-and orthopedic-based journals such as BRadiology^, BRadiographics^, BAmerican journal of Roentgenology^, BJournal of Ultrasound^, BHSS Journal^, BAmerican Journal of Sports Medicine^, BOrthopedics^, BInternational Orthopedics^, BJournal of Clinical Orthopaedics & Trauma^, BJournal of Bone Joint Surgery Am^, BFoot And Ankle Internationalâ nd BFoot and Ankle Surgery^. Articles were then reviewed to determine if the content was applicable. Additional articles were incorporated into the manuscript as specific topics needed to be addressed.
Foot and Ankle
The superficial anatomy of the ankle and foot can be well evaluated using US, which allows dynamic assessment to see structures in motion. Real-time visualization of echogenic needle tip under ultrasound allows accurate needle placement in the tendon sheath, bursa, joint, plantar fascia, neuromas (Morton's Neuroma) as well as intratendinous calcification [1, 2, 55, 83] . US-guided targeted interventions include peritendinous injections particularly of the commonly injured FHL [65] and peroneal tendons [84] in ballet dancers. Perifascial injections are of benefit in tackling plantar fascial inflammation/tears. Steroid and anesthetic injections of painful Morton's neuroma and intermetatarsal bursitis [85] are very successful. Intratendinous therapies with tenotomy followed by PRP injections have been shown to promote healing [53] which are commonly performed for Achilles tendons. At our institution, we commonly utilize a 1.5-in. 25 gauge needle under ultrasound guidance with low depth linear probes usually L12-15 Mhz.
Commonly encountered foot and ankle injuries in our patient population include overuse injuries, such as tendinous injuries mainly involving the peroneal and flexor hallucis longus tendons, ligamentous injuries particularly involving the anterior talofibular ligament (ATFL), a multitude of osseous injuries, impingement syndromes, Morton's neuromas and plantar fasciitis [48] .
Tendon Pathologies
Tendon abnormalities range from tendinosis, tenosynovitis, and tendon tear to tendon subluxation/dislocation.
Peroneal Tendons Inversion injuries at the ankle with the foot held in plantar flexion can cause lateral ligamentous complex and peroneal tendon injuries, which can result in varus instability [75, 98] . Peroneal tenosynovitis is seen in ballet dancers due to long hours spent in demi pointe. The superior peroneal retinaculum (SPR) forms the posterolateral wall of the retromalleolar groove and serves to deepen this groove. It is a fibrous band that originates from the posterior ridge of the distal fibula and extends postero-inferiorly to insert on the lateral calcaneus. The SPR forms a proximal fibro-osseous tunnel through which the peroneal tendons pass, going from a medial to lateral relationship of the peroneus brevis and longus tendons, respectively, to an anterior and posterior relationship below the lateral malleolus. Distal to the peroneal tubercle, each tendon has its own fibro-osseous tunnel formed by the inferior peroneal retinaculum. Peroneal tendon dislocations and subluxations were originally described in ballet dancers [75] . Inversion injuries or forceful dorsiflexion and reflex peroneal contraction are responsible for subluxation events that may be associated with SPR injuries [98] . Imaging Features On MRI, tendinosis manifests as tendon thickening and increased intrasubstance T1 and T2 signal. Tenosynovitis appears as edema or fluid surrounding the tendon. Complete peroneus longus tear is associated with cuboid bone marrow edema with proximally retracted tendon [98] . MRI plays an important role in evaluating the integrity of the SPR and its attachment on the lateral malleolus as well as the status of the peroneal tendons. On ultrasound, tendinosis is seen as hypoechoic enlargement of the tendon without disruption, and tenosynovitis is seen as abnormal tendon with fluid within the tendon sheath. Tendon tear is seen as a discontinuity with a hypoechoic fluidfilled gap (Fig. 1a, b) . Peroneal tendons can undergo episodic subluxations that can be demonstrated in real time by dynamic ultrasound (Fig. 1c, ESM 7) , with provocative maneuvers such as active dorsiflexion and eversion of the ankle or circumduction of the foot [39, 57] . Palpable snapping or crepitus of the tendons may be evident during these maneuvers [68] .
Management Conservative treatment includes antiinflammatory medications, and immobilization, followed by rehabilitation. Cast placement, lateral ankle braces, and orthotic treatment can also be applied for stabilization. Indications for peritendinous peroneal tendon sheath steroid injection include tenosynovitis with tendon abnormality such as tendinosis [41, 84, 69] . The role of steroids with partial thickness tendon tear is controversial and institution dependent. Steroids provide short-term pain relief [76, 41] . Disruption of the SPR predisposes to early tendon degeneration and dislocation, predominantly affecting the peroneus brevis, and requires surgical intervention in active patients. Asymptomatic or static peroneal dislocation may not require treatment. However, chronic friction and motion of the tendon in and out of the retromalleolar groove can be painful and may progress to tear. Plaster cast immobilization is the initial management for acute SPR tears with variable results. Surgical repair with debridement, repair of the tear, tenosynovectomy, and groove deepening is reserved for severe cases or in athletes. Resection of os peroneum is also curative [84, 98] .
Flexor Hallucis Longus/Dancer's tendonitis FHL is considered the BAchilles tendon of the foot^in ballet dancers and allows the push off maneuver from the forefoot in plantarflexed position. In en pointe and demi pointe positions, the FHL may become stretched beyond its limits. There are three potential sites of entrapment of the FHL tendon: proximally within a fibro-osseous tunnel between the medial and lateral tubercles of the posterior talus, where it is lined by a synovial sheath (Fig. 2a, b) ; more inferiorly as it passes through a shallow groove on the posterior aspect of the sustentaculum tali; and lastly, more distally between the two sesamoids at the base of the proximal phalanx of the great toe. However, the most common site of FHL entrapment is within its fibro-osseous tunnel where it changes direction from a vertical course posterior to the talus to a more transverse course beneath the calcaneus [32, 54] . Most of the reported FHL abnormalities in ballet dancers have been attributed to an enlarged os trigonum resulting in posterior impingement syndrome. A Stieda process (prominent lateral tubercle of the talus) or an os trigonum (unfused lateral tubercle of the talus) can cause compression of the FHL tendon. Post-traumatic soft tissue scarring between the calcaneus and talus or around a calcaneus fracture can also predispose to soft tissue entrapment of the FHL tendon.
Imaging Features FHL tendon tear manifests as partial or complete discontinuity of the tendon with fluid signal within the gap. On ultrasound, tendinosis, tendon disruption and tenosynovitis can be easily demonstrated, as described above. Flexion motion of the great toe under real-time ultrasound allows identification and assessment of the normal FHL tendon excursion. This can be then be followed by ultrasound-guided peritendinous injection of the FHL tendon sheath with realtime visualization of the needle and distension of the tendon sheath. One should be aware of the possibility of inadvertent injury to the tibial neurovascular bundle, which lies in close proximity to the FHL tendon along the medial aspect of the hindfoot. Therefore, we describe a peri-Achilles approach with needle directed from the lateral to medial side targeting the FHL tendon sheath [65] directly and thus avoiding the tibial neurovascular bundle (Fig. 2a, b) . Management Conservative non-operative treatment is the initial management for tendonitis and tenosynovitis with ice packs, anti-inflammatory medications, and arch support. The role of steroids with partial thickness tendon tear is controversial and institution dependent. Sonographically guided steroid injections provide short-term pain relief for tendinopathy and tenosynovitis [65] . FHL tenography followed by anesthetic and steroid injection has been shown to serve as both diagnostic and therapeutic tool for shortterm pain relief suggesting tendon sheath as the possible pain generator [12, 65, 78, 23, 24] . Ultrasound-guided steroid injection using a lateral peri-Achilles approach from the lateral to medial side prevents inadvertent injury to the posterior tibial neurovascular bundle [65] as shown in Fig. 2c . However, one needs to be cognizant of the important anatomical landmark at the site where the sural nerve crosses the lateral border of the Achilles tendon approximately 8-10 cm from the superior border of the calcaneal tuberosity to prevent iatrogenic injury to the sural nerve [10] . Surgical release in cases of tendon entrapment is necessary (Fig. 2a, b , ESM 8, ESM 9). Resection of os trigonum or Stieda process is curative.
Achilles Tendon Dancing Ben pointe^introduces torsional stress causing weakening of the Achilles tendon at the critical zone in ballet dancers [57] . Achilles tendon injuries manifest as tendinosis, paratenonitis, and retrocalcaneal bursitis. Acute rupture, although uncommon, can also occur from inadequate warm up. The Achilles tendon has no synovial sheath but is almost completely enclosed within a paratenon that has both parietal and visceral layers [81] .
Achilles tendon injuries can occur at the myotendinous junction and enthesis, but are most common at the critical zone, which is an area of relative hypovascularity, located 4-6 cm proximal to its calcaneal insertion [35] . Risk factors include diabetes, middle-aged intermittent/weekend athlete, and familial hypercholesterolemia. Tendinopathy is basically an Boveruse^degenerative condition [92] . However, there is convincing evidence that the inflammatory response is a key component in chronic tendinopathy [79] . Both Achilles and patellar tendinopathy share common histopathology such as failed intratendinous healing response and neoangiogenesis [79, 92] .
Imaging Features On MRI, Achilles tendinosis is seen as central enlargement usually at the critical zone or at its calcaneal insertion (Fig. 3a, b) . The normal average Achilles tendon thickness is 6 mm. The size of the Achilles tendon is proportional to the degree of an individual's lean body mass and is known to be thicker in men, the elderly, and those who are tall [81] . A tear is seen as focal hyperintense signal with disrupted fibers, which may be associated with retrocalcaneal bursitis and bony prominence at the posterior aspect of the calcaneus (Haglund's syndrome) [86] . Ultrasound demonstrates tendinosis as tendon thickening and intrasubstance hypoechogenicity as intrasubstance tears (Fig. 3c, d ). Due to the superficial location of the Achilles tendon, it can be adequately assessed by ultrasound for tendinosis, tears, and retrocalcaneal bursitis. Dynamic ultrasound-directed flexion maneuvers allow assessment of the degree of tendon retraction in the setting of Achilles tendon ruptures, which is useful for surgical planning. Tendon retraction may be increased with dorsiflexion and decreased with plantar flexion. If the torn edges of the tendon approximate during plantar flexion, some physicians advocate casting in talipes equinus position rather than surgery. A normal Achilles tendon demonstrates no flow on power Doppler imaging. Increased flow on power Doppler imaging frequently accompanies symptomatic Achilles tendinosis and represents abnormal neovascularity (angiofibroblastic proliferation) [67, 74] .
Management Management outcome of treating Achilles tendinopathy is most favorable when treated within 6 months of onset. Non-operative conservative management include abstention of activities that caused the symptoms in acute phase and relative rest or modified activities. Complete rest of an injured tendon has been found to be counterproductive, since it has been shown that tendon loading during eccentric exercises stimulates collagen repair and remodeling. Eccentric training or other progressive loading exercises have also been shown to be particularly effective in managing midportion Achilles tendinopathy by disrupting neovascularity and therefore decreasing pain and improving outcome [92] . Gentle strength training should be started early after injury to prevent disuse atrophy and should not be painful [21] .
Anti-inflammatory strategies such as NSAIDs and corticosteroids are often included to reduce tendon pain as there is now growing evidence of involvement of inflammatory mediators as part of ongoing tendinopathy. A Cochrane review of interventions for treating acute and chronic Achilles tendonitis found weak evidence of a moderate effect of NSAIDs, both oral and topical, on acute tendon pain [21] . A non-invasive soft tissue mobilization technique called augmented soft tissue mobilization (ASTM) has been successfully used in the treatment of chronic tendinopathy, probably through controlled application of microtrauma. Correction with orthotics can relieve heel pain by altering the biomechanics of the foot and ankle [21] . A heel lift of 12-15 mm is classically used as an adjunct to the management of Achilles tendon pain [21] .
Achilles tendinosis treated with different injectable therapies has been shown to improve function and decrease pain when compared to control groups on short-term follow-up. No definite treatment recommendations can be made based on current evidence regarding the superiority of a particular therapy or on long-term efficacy. Peritendinous injections with corticosteroids are still controversial. Complications such as anterior talofibular (AT) tendon rupture have been described in literature [60] . However, a lot of these studies and risks were described with non-guided injections. There is substantial evidence that corticosteroids can be effective in chronic tendinopathy, reducing pain and improving function in short term. This has been shown to be effective in tendinopathy at multiple locations inclusive of patellar tendinopathy as per evidence-based research [31, 63] . To avoid these complications, steroids are injected around the AT in the paratenon [25, 31] . Fredberg et al. demonstrated benefit at 4 weeks using ultrasound-guided technique [25] . Hence, we can conclude that steroids offer short-term benefits and may cause intrinsic structural tendon weakening in the long term. Sometimes symptoms in patients with Achilles tendinopathy may result from pathological lesions between the AT and the paratenon, not within the tendon itself. This justifies an injection between the tendon and the paratenon [66, 102] . According to a cadaveric study, injections between the posterior paratenon and AT are superior to an anterior paratenon injection [26, 102] as it allows for injectate distribution into the AT, area between the paratenon and AT, as well as in the Kager's fat pad. Runners with isolated midportion Achilles tendinopathy (nodular lesions <2.5 cm) without any sign of paratendinopathy have shown success with ultrasound-guided multiple percutaneous longitudinal tenotomies. This method is safe, cost-effective, and has been shown to be beneficial in the long term [59] .
Blood and blood products such as PRP are rich sources of cells and growth factors, such as vascular endothelial growth factor (VEGF) and insulin like growth factor-1 (IGF-1) which allows tendon healing and growth [20, 36, 61, 101] . Although good-quality in vivo studies are lacking, PRP has been shown to be effective in small uncontrolled studies. However, large-scale scientific studies proving PRP to be better than placebo or no injection are lacking. This remains an area of further research interest.
Conservative treatment is beneficial only if started early. Chronic exposure to the offending activities after initial injury results in formation of adhesions which are less likely to respond to conservative treatment and may require surgical intervention. There are four main surgical techniques described in literature, all of which include open tenotomy with removal of abnormal tissue, which can be done without stripping of paratenon; with stripping of paratenon; with longitudinal tenotomy with or without paratenon stripping; and lastly percutaneous longitudinal tenotomy [7, 59] . The goal of the surgery is to detect and remove intratendinous lesions, restore vascularity by stimulating neoangiogenesis by multiple longitudinal tenotomies and perhaps stimulate a healing response in the remaining viable cells [7, 59, 93] . It is important to bear in mind that ultrasound-guided tenotomies are most useful for isolated midportion tendinopathy and not for diffuse disease. A formal surgical exploration with paratenon stripping and longitudinal tenotomies may be preferred for diffuse or multinodular tendinopathy or with pantendinopathy [59, 93] . Early mobilization is the mantra after intervention.
Several alternative pain management strategies besides NSAIDs and corticosteroids have been described. Denervation procedures can be used in chronic tendinopathy which aim to disrupt neural ingrowth which is accompanied by neovessel formation [5] . New emerging options in this area include sclerosant therapy (polidocanol and possibly dextrose) [4] , high volume tendon stripping injections [15] and surgical techniques such as paratenon stripping. Extracorporeal shock wave therapy (ESWT) may influence pain processing due to direct effect on peripheral nerves [58] as they are toxic to the nerves.
Posterior Impingement Syndrome
Posterior ankle impingement refers to a group of clinical entities resulting from chronic repetitive or acute forced plantar flexion of the foot. Synonyms for this condition include os trigonum syndrome, talar compression syndrome, and posterior block of the ankle. This syndrome has been extensively described in ballet dancers [34] . There may be osseous or purely soft tissue impingement. Etiology includes repetitive plantar flexion in the setting of osseous risk factors such as an os trigonum, Stieda process, or prominent posterior process of the calcaneus. Soft tissue impingement may result from synovial hypertrophy of the FHL tendon sheath, the posterior recesses of the subtalar and tibiotalar joints, and the posterior intermalleolar ligament [14, 80] . The FHL tendon may become impinged and inflamed as it courses medial to the os trigonum with repetitive plantar flexion (en pointe) in ballet dancers [32] .
Imaging Features MRI is useful in evaluating osseous causes of posterior impingement and can demonstrate bone marrow edema at the synchondrosis of an os trigonum (Fig. 4a) . Soft tissue impingement may manifest as synovitis, scarring, and soft tissue edema. Dynamic ultrasound is useful in demonstrating motion at the os trigonum synchondrosis or an ununited fracture [48, 80] , and poor excursion of the FHL tendon in cases of stenosing tenosynovitis. With plantar flexion, bony prominences may entrap adjacent posterior synovial recesses or the FHL tendon, causing soft tissue Fig. 4 . A 14-year-old male dancer with posterior ankle pain. Sagittal inversion recovery MR image shows os trigonum with bone marrow edema both within the os (arrow in a) as well as the adjacent talus and calcaneus. This constellation of findings may be implicated in posterior impingement/os trigonum syndrome. impingement (as described before under FHL tendon pathologies) (Fig. 2b, ESM 11 ).
Management Diagnostic steroid injections under ultrasound guidance can confirm the origin of pain and facilitate rehabilitative physiotherapy. We have also performed ultrasound-guided anesthetic injections without corticosteroid in cases where there is a diagnostic dilemma regarding the source of the patient's symptoms. Structures involved in posterior impingement can be accessed by a needle via a lateral peri-Achilles approach placing the needle anterolateral to the Achilles tendon and advancing it anteromedially, thus avoiding the posterior tibial neurovascular bundle (Fig. 2a) . However, one needs to remain cognizant to avoid inadvertent sural nerve injury lateral to the Achilles, as discussed earlier. Arthroscopic resection of an os trigonum or Stieda process is curative in dancers [80] . Operative release of the FHL tendon is effective in treating isolated stenosing tenosynovitis in ballet dancers.
Anterolateral Impingement
Chronic anterolateral foot pain can occur as a result of entrapment of abnormal soft tissues in the anterolateral gutter of the ankle. Predisposing factors include minor repetitive microtrauma from inversion injuries with forced plantar flexion and supination at the ankle, which results in hemorrhage and subsequent scar remodeling of the anterolateral capsule. Clinically, the patient presents with focal tenderness and limitation of movement in dorsiflexion. Additional contributing factors include hypertrophy of the accessory fascicle of the inferior anterior tibiofibular ligament, which may be worsened by adjacent osseous spurs [80] .
Imaging Features MR imaging is useful in assessing not only the bone marrow and cartilage status, but also synovitis and alternative intra-articular etiologies. Axial images may demonstrate scarring in the anterolateral gutter with intermediate to low signal intensity on T1 and fluid sensitive images (Fig. 5 ). Synovitis and scarring may show anterior displacement of normal fat anterior to the fibula best seen on sagittal T1 images. Enhancing vascularized synovial tissue in anterolateral gutter can be seen utilizing highly sensitive contrast enhanced fat suppressed 3D gradient recalled MR acquisition technique, although this finding is not very specific [22, 80] . Ultrasound finding of synovial mass or capsular nodularity in the anterolateral gutter has been shown to be validated well with arthroscopic technique [22, 62] . Using arthroscopy as a reference standard, it has been shown that the sensitivity and specificity of diagnostic sonography is 77% and 57% before joint injection and 85% and 71% after joint injection [18] .
Management Targeted steroid injections under ultrasound guidance can confirm the origin of pain. Surgical debridement of synovitis and scarring has considerable proven success [14, 44] .
Ligamentous Injuries of the Foot and Ankle
The most common injuries encountered in ballet dancers are no surprise ankle ligamentous injuries. Of these, lateral ligament injuries particularly the anterior talofibular ligament injuries are more common than medial deltoid ligament complex injuries in ballet dancers [29] .
Lateral Ligament Complex Injuries Plantar flexion and inversion mechanism is responsible for lateral ligament injuries. The anterior talofibular ligament which is the weakest of all, is injured first, followed by the calcaneofibular ligament. The posterior talofibular ligament is rarely injured. Imaging Features On MRI, high signal fluid will be seen interposed between the disrupted fibers on T2-weighted or inversion recovery sequences. In the acute setting, bone marrow edema may be seen at the attachment sites of the torn ligament (Fig. 6a) . On ultrasound, partial ligamentous tears appear hypoechoic with some of the fibers remaining in continuity, while complete tears are seen as focal discontinuity with hypoechoic fluid or heterogeneous granulation tissue in between the torn segments (Figs. 6b and 7a, b) . Provocative maneuvers placing traction on the ligament may make the tear more conspicuous on ultrasound. In chronic tears, the ligament may appear thickened due to scar formation.
Management Ankle sprains are managed conservatively with a view to early mobilization to avoid joint stiffness, muscle atrophy, and loss of proprioception [29] . Sonographically guided steroid injections allow symptomatic pain relief for partial thickness ligament tear. Instillation of autologous blood products such as PRP directly at the injury site has gained interest lately and is believed to potentially promote healing [24] . Recent review article discussed the clinical applications of PRP in orthopedics [24] . However, no randomized controlled trials with validated outcomes have been done yet and it remains an area of growing research. Injury involving both the anterior talofibular and calcaneofibular ligaments is unstable and may require primary surgical repair in professional dancers [90] .
Lisfranc Ligament Injuries Although Lisfranc (tarsometatarsal joint) ligament injuries classically occur in the setting of highvelocity impact, they can be seen in ballet dancers due to forced plantar flexion at the ankle and the metatarsophalangeal joint from long hours in en pointe. Full body weight transmitted along what is functionally an elongated lever arm results in failure of the joints dorsally [38, 46] .
Imaging Features
Radiographically, widening between the medial cuneiform and base of the second metatarsal by more than 2 mm is diagnostic. CT may disclose unsuspected fractures. MRI allows detailed evaluation of the plantar and dorsal components of the Lisfranc ligament fibers [38] . Ultrasound has limited utility but can evaluate for avulsion fractures.
Management Non-operative treatment is limited to stable Lisfranc complex injuries and include nondisplaced, with no fracture and stable under radiographic stress examination [6, 46] . Treatment includes controlled ankle motion (CAM) walking boot, with frequent follow-up radiographs to ensure no change in alignment. In unstable Lisfranc injuries, open reduction with internal fixation (ORIF) is necessary. Known complications include non-union as well as early posttraumatic arthritis.
Plantar Fascia
The plantar fascia is a fibrous aponeurosis that takes its origin from the medial calcaneal tuberosity and helps to maintain the longitudinal arch of the foot. Heel pain is not as common in dancers as might be expected [47] . Plantar fasciitis has been shown to be the most common cause of heel pain [47] . Plantar fasciitis is a low-grade inflammatory process manifested by abnormal thickening of the proximal calcaneal origin of the plantar aponeurosis (PA), with or without plantar fascial tears. The etiology of plantar fasciitis is variable, but can be grouped into three major categories: mechanical, degenerative, and systemic [64] . Forcible plantar flexion can cause acute (complete or partial) rupture of the PA, whereas chronic repetitive stress or minor trauma may also result in rupture. Plantar fasciitis, especially the ones treated with local steroid injections can predispose to spontaneous rupture of the PA [64] .
Imaging Features On MRI, plantar fasciitis manifests as proximal plantar fascial thickening (>5 mm) [64] , often with substantial adjacent calcaneal bone marrow edema (Fig. 8) . Plantar fascial tears are seen as hyperintense foci on T2-weighted or inversion recovery sequences. On ultrasound, plantar fasciitis manifests as thickening of the plantar fascia at its calcaneal origin with intrinsic increased vascularity, while plantar fascial tears demonstrate hypoechoic fluid replacing the fascial tissue (Fig. 8) .
Management Pre-rehearsal stretching of the fascia can reduce incidence of injury [47] . Initial and ongoing conservative measures provide benefit and include weight loss, orthoses, activity modification as well as physical therapy including stretching and taping measures. Ultrasoundguided perifascial corticosteroid injections offer symptomatic relief due to their anti-inflammatory properties during the acute and subacute stages [1, 19, 64] . Alternative interventional methods focussed at triggering a healing response by controlled injury include dry needling, PRP injections and extracorporeal shock wave therapy (ECSW) [40] . At our institution, perifascial ultrasound-guided steroid injections are performed with the needle placed immediately superficial to the site of pathology and advanced either longitudinally or transversely relative to the plantar fascia. Alternatively, ultrasound-guided needle fenestration of the fascia and platelet-rich plasma (PRP) injection is routinely performed successfully at our institution and has shown improved clinical outcome, especially in more chronic cases where steroids are of little benefit. A study comparing ultrasound-guided fenestration and tenotomy for PRP and steroid injections in patients with plantar fasciitis showed good results with PRP in comparison to steroid [95] .
Additional studies have shown that PRP is a safe therapeutic option with the ability to decrease heel pain in patients with chronic PF refractory to appropriate conservative management, without any serious side effects [95, 103] . PRP works by reigniting the inflammatory cascade and thereby promoting healing [95] . Extracorporeal shockwave therapy is a safe and effective treatment for pain relief from recalcitrant plantar fasciopathy and additionally has been shown to improve gait parameters [40] .
Morton's Neuroma
Morton's neuroma is a non-neoplastic encasement of a common plantar digital nerve by perineural fibrosis due to repetitive microtrauma, producing a pseudotumor which may or may not be painful. Morton's neuroma is most common in the third web space because the third digital nerve is the largest and receives branches from both the medial and lateral plantar nerves [11] . The exact etiology of Morton's neuroma remains unknown and several theories have been proposed, including ischemia and mechanical compression of the plantar nerve against the transverse intermetatarsal ligament [11] . Morton's neuroma is common in joggers, and can occasionally be seen in dancers [94] . Clinical assessment can be accurate for the diagnosis of Morton's neuroma; both MRI and US are very useful in its localisation. MR imaging allows determination of site and size of Morton's neuroma and therefore plays a crucial role in the diagnosis and therapeutic decisions by orthopedic surgeons as shown by Zanetti et al. US and MRI both demonstrate high sensitivities for the diagnosis of Morton's neuroma ranging from 87-98% [8, 107] Imaging Features MR imaging at the level of the metatarsal heads, obtained in short axis (Fig. 9a) and coronal planes, is most useful. These are typically seen as Btear drop^-shaped hypointense masses [23, 108] with variable gadolinium contrast enhancement. Ultrasound imaging performed just proximal to the metatarsal heads, demonstrates well circumscribed, ovoid, hypoechoic, nodular masses (Fig. 9b, c) , at the level of the intermetatarsal spaces, which become more prominent with ankle plantar flexion [99] . Manual palpation and compression of the web space by the ultrasound probe often reproduces the symptoms.
Management Ultrasound-guided steroid injection into and around the neuroma gives considerable initial pain relief, with one study demonstrating 62% of symptomatic pain relief at 7 days [37] . The ultrasound probe is placed along the plantar or dorsal surface of the web space depending on the side that allows better visualization, and a 1.5″ hypodermic needle is advanced into and around the neuroma into the intermetatarsal bursa, with direct visualization of fluid spreading within the lesion on sonography without leaks. The patients are instructed not to engage in strenuous activity immediately after injection to avoid dispersal of injectate. Return to full activity 1 day after injection is permissible. Preoperative workup with clinical examination, diagnostic 1% lidocaine only injections followed by surgical excision, does not always result in good clinical outcome [9] . Surgical excision of neuromas has yielded variable results. Overall, 20% of patients experience less than 50% pain relief after surgical excision. According to one series, it has been shown that almost 24% of primary excision and 43% of re-excision of stump neuromas are clinical failures with residual pain, persistent need for shoe modification and cosmetic issues with scar formation [85] . Postsurgical stump neuroma formation is generally symptomatic only when they recur close to the skin, joint capsule, or under the metatarsal heads [85] . To avoid this complication, the transected nerve edge is placed into the muscle which results in smaller recurrent stump neuroma and moves their location of recurrence away from the symptomatic area. Activity modification and proper shoe wear are often needed even after surgical resection [85] . A few percutaneously treated neuromas have demonstrated a change in morphology from typical hypoechoic to more echogenic appearance on follow-up examination. However, further randomized controlled research is needed to document post-treatment change in morphology and correlation between the number and size of neuromas and clinical outcome after percutaneous steroid treatment.
Osseous Injuries in the Foot and Ankle
Repetitive plantar and dorsiflexion in dancers can result in chronic overuse subchondral stress osseous injuries. The second metatarsal is the longest of all the metatarsals and is weight-bearing when the foot is in the demi pointe position [33] and is therefore the most common site of stress fracture in the foot and ankle (Fig. 10a, b) . Calcaneal stress fractures from overuse are not uncommon (Fig. 10c, d ). The Stieda process of the talus can be a source of pain and may fracture in the setting of posterior impingement. Sesamoids are small bones which articulate with the plantar aspect of the metatarsal heads and are embedded in the flexor hallucis brevis (FHB) tendons. Since ballet predisposes the sesamoids to significant force during demi pointe and en pointe as well as in jump landings, it is not uncommon for dancers to present with MTP pain, which may be due to sesamoiditis (Fig. 10e, f, g ), sesamoid fractures, premature osteoarthritis, or even sesamoid osteonecrosis (Fig. 10h, i) [33, 44] . Repeated subchondral stress from prolonged plantar flexion predisposes the ballet dancers to osteochondral injury of the talar dome [44] . Avulsion fractures can be a complication of ligamentous sprain in the foot and ankle. Posteromedial impingement lesion can occur after severe ankle inversion and excessive plantar flexion [47] .
Imaging Features Stress reaction on MRI is seen as bone marrow edema on fat saturated T2-weighted or inversion recovery sequences and is commonly seen in the second metatarsal, calcaneus, and talus. Variable increased bone marrow signal is seen in the acute or subacute phase of avascular necrosis of the sesamoid, while predominantly hypointense signal with eventual fragmentation and collapse may be seen during the chronic phase. In contrast, stress fractures demonstrate a clearly defined hypointense fracture line within the area of bone marrow edema. On ultrasound, stress fractures can be detected as cortical disruption and hyperemia when there is involvement of the cortex. Focal pain at the site upon pressure with the transducer is a helpful secondary sign.
Management Ultrasound-guided diagnostic and therapeutic injections allow symptomatic management and earlier return to practice (Fig. 10e) , [33, 83] . Stress reaction and nondisplaced fractures are routinely managed conservatively with non-weight-bearing and immobilization. ORIF may be needed for displaced fractures or with non-union.
Hip
MRI serves as the primary imaging modality in the hip and allows for assessment of intra-articular pathologies. Although the deeper structures of the hip make ultrasound less useful, ultrasound can be valuable for dynamic assessment, such as in cases of snapping hip syndrome or impingement syndromes, and for administering specific intervention. Apophyseal avulsion fractures and apophysitis from overuse are common in young dancers and are well evaluated on MRI.
Hip Instability In a dancer, the hip joint is one of the most important joints, as it controls both the trunk and extremity motion. The ability to externally rotate (turn out) the hip is one of the fundamental aesthetic poses of ballet. Incorrect Bturnout^is the most common cause of stress and soft tissue c Delayed phase of three phase bone scan in a patient with posterior ankle pain demonstrates focal increased radiotracer uptake within the posterior calcaneus (arrow). d Sagittal inversion recovery MR image demonstrates a well-defined stress fracture (arrow) within the posterior calcaneus with surrounding bone marrow edema. e, f, g A 22-year-old female ballet dancer with pain and tenderness over the ball of her foot. e Coronal inversion recovery MR image demonstrates a bipartite medial sesamoid with a small fracture at the distal pole with bone marrow edema (arrow e). f Ultrasound over the plantar surface of the great toe, long axis to the sesamoid, shows a small fracture at the distal pole of a bipartite medial sesamoid (arrow). g Ultrasound-guided therapeutic steroid injection was performed around the sesamoid (N needle). h, i A 23-year-old female dancer with chronic pain and tenderness under the great toe for several months. Sagittal (h) and axial (i) intermediate weighted MR images show chronic osteonecrosis (arrow) of the medial sesamoid with collapse.
injury around the hip [33] . Upon ossification of the femoral head, Bturnout^can only be achieved by stretching adjacent soft tissues. Chronic increased capsular tension can lead to injury of the static hip stabilizers, resulting in painful acetabular labral tears, iliofemoral ligament injury, capsular redundancy, and subsequent microinstability [70] .
Acetabular Labrum The acetabular labrum consists of fibrocartilage that attaches to the bony acetabular rim and deepens it, thereby preventing dislocation of the femoral head. Extreme external rotation can cause the head of the femur to sit too far forward in the acetabulum, which eventually gives way. The dancers will experience stiffness in the affected hip and may have difficulty with arabesque position (dancer stands on one leg, while the other leg is extended behind the body) or any extension over 90°. Atraumatic instability is an overuse injury from repetitive hip rotation with axial loading, leading to microinstability and generalized ligamentous laxity [33] .
Imaging Features On MRI, a linear high intensity cleft suggestive of tear can be seen through the normally low signal intensity labrum (Fig. 11a) [87] . Evaluation for labral tears is much more difficult on US. However, a hypoechoic cleft representing the tear can occasionally be visualized through the normally hyperechoic labrum on targeted sonogram (Fig. 11b) . According to an institutional study of 21 hips, 13 hips shown to have anterior labral tears seen as hypoechoic clefts during sonographically guided intraarticular hip injections were shown to be concordant with the MR findings. However, this study is limited since only 14 patients underwent MRI [87] . The tear can sometimes become apparent after US-guided intra-articular injection, in which the injectate can provide a Bsonoarthrographic effect (  Fig. 11c) . Although intra-articular injection during sonographic examination could improve diagnosis of labral tears, sonographic examination as a diagnostic technique is still of limited use. However, CT arthrogram (CTA) shows reliable validity in the diagnosis of acetabular labral tears. The sensitivity, specificity, and accuracy for sonographic detection of labral tear before injection/after injection were 58%/ 79%, 67%/58%, and 61%/72%, respectively, for observer 1 and 75%/92%, 25%/42%, and 58%/75%, respectively, for observer 2. The sensitivity, specificity, and accuracy for CTA detection of labral tears were 96%, 92%, and 94%, respectively, for observer 1 and 88%, 92%, and 89%, respectively, for observer 2. When the sonographic classification was compared with the arthroscopic findings of observer 1 and observer 2, the accuracy before injection/ after injection was only 53%/67% and 58%/75%, respectively. The accuracy of morphologic classification of CTA and arthroscopic findings of observer 1 and observer 2 was 83% and 75%, respectively [83] . According to a 2007 study, the ability to diagnose acetabular labral tears upon US examination was calculated: sensitivity 44%, specificity 75%, positive predictive value 88%, and negative predictive value 25% [45] . However, according to a 2012 study, the sensitivity, specificity, and accuracy for the diagnosis of tears by sonography and MR arthrography were 82%, 60%, and 75% and 91%, 80%, and 88%, respectively using arthroscopic results as the reference standard [106] . However, it is crucial to bear in mind that the quality of MR imaging can demonstrate considerable institutional variation and can tremendously influence the outcome.
It has been suggested that the increased intra-articular pressure secondary to the loss of congruency between the femoral head and the acetabulum can force synovial fluid through the area of labral degeneration or through the tear in the acetabulum, resulting in a paralabral cyst. It is reasonable to assume that pain in this condition is caused by the cyst stretching the hip joint capsule and by the labral tear. These paralabral cysts, when large, can cause mass effect on the surrounding structures including regional nerves. On MRI, paralabral cysts appear as T2 hyperintense and T1 hypointense foci adjacent to a labral tear. Sometimes paralabral cysts are seen in absence of identifiable labral tears and may represent ganglion cyst (Fig. 12a, b) . Cyst decompression combined with labral debridement is generally accepted as the optimal treatment. This can be performed through an open or arthroscopic surgical approach, with minimally invasive arthroscopic surgery considered the preferred treatment method for those conditions to avoid the morbidity of an open surgical procedure [51] . At our institution, US guidance is utilized for aspiration of paralabral or ganglion cysts, which are easily seen as anechoic or hypoechoic fluid collections (Fig. 12c, d) . Treatment of these cysts in the hip under sonographic guidance is limited in the literature and restricted to radiographic findings.
Management Ultrasound-guided intra-articular steroid injections can provide short-term symptomatic pain relief for labral tears [33] . Ultimately, surgical debridement and repair of complex or displaced tears may be necessary.
Snapping Hip Syndromes/Coxa Saltans
The snapping hip syndrome refers to a sudden snapping sensation during hip motion. The snapping hip syndrome is a common problem in ballet dancers (43.8% of hip problems), with about one third associated with pain [16, 77] . Three types of snapping hip syndromes have been described in the literature, namely external/lateral, internal/medial, and intra-articular [77] . External snapping hip commonly affects the stationary or non-active supporting leg, wherein the thickened posterior iliotibial band or leading anterior edge of the gluteus maximus tendon snaps over the greater trochanter upon forward flexion [77, 105] . Internal or medial snapping, which is the most common, usually affects the active leg of a dancer and is believed to be due to the iliopsoas tendon snapping over the adjacent iliopsoas muscle fibers. The third type, which is due to intra-articular causes such as labral tears, chondral lesions, synovial chondromatosis or loose bodies, is no longer referred to as a snapping hip because the diagnosis of intra-articular pathology is more accurate. Femoroacetabular impingement (FAI) syndromes are an important cause of hip pain in ballet dancers. They can be divided into cam, pincer, or mixed types and can contribute to hip pain in athletes including ballet dancers. A detailed discussion of FAI is beyond the scope of this manuscript and additional references are suggested [71, 73, 91] . Stress fractures of the hip can often be easily overlooked and may progress to complete fracture with continued weight-bearing.
Imaging Features Self-reported snapping is likely to be palpable/audible click elicited clinically and exaggerated by certain dance maneuvers. Iliotibial band snapping is easier to identify than iliopsoas snapping due to ease of clinical examination during provocative maneuvers. US demonstrates a high sensitivity for iliopsoas snapping, and therefore serves as a useful tool for diagnosis confirmation. However, in one third of the cases, ultrasound is not useful in identifying the cause of snapping [3] . On static imaging, the offending tendon often appears normal, although peritendinous fluid, tendinosis, and adjacent bursitis may be seen (Fig. 13) . Dynamic sonography allows documentation of the tendon jerk/snap with hip motion. For lateral/external snapping, a snap would be palpated over the greater trochanter during ronde de jambe (hip circumduction) and grand plié (deep knee bends) while the dancer is bearing weight. An internal/medial click can be palpated with passive hip flexion, hip abduction, and hip external rotation [3] .
Management Ultrasound-guided therapeutic iliopsoas peritendinous steroid injections provide symptomatic pain relief in those with a snapping iliopsoas regardless of demonstrable imaging findings in symptomatic patients [88, 97] . Surgical release of the snapping tendon is curative [42] . Arthroscopic debridement of intra-articular loose bodies may also be curative.
Greater Trochanteric Pain Syndrome Greater trochanteric pain syndrome (GTPS) is a clinical entity that was originally defined as Btenderness to palpation over the greater trochanter [89] .^This terminology has now expanded to include several disorders of the lateral, peritrochanteric space of the hip, including trochanteric bursitis, tears of the gluteus medius and minimus, and external coxa saltans (snapping hip). This is a common entity often responsible for chronic pain in dancers that may be mistaken for a hip fracture [82] . Gluteus medius tendinopathy is believed to be the initiating disorder followed by greater trochanteric bursopathy.
Imaging Features Ultrasound imaging of gluteus medius tendinopathy may demonstrate increased tendon thickness, increased hypoechogenicity, loss of fibrillary pattern, intrinsic tendon tears and presence of insertional calcifications or enthesophytes. Calcifications appear as echogenic intratendinous foci which demonstrate posterior acoustic shadowing, whereas enthesophytes are seen as small echogenic bony projections emanating from the greater trochanteric surface within the tendon. Tendon tears appear as loss of continuity of the hypointense tendon fibers by anechoic foci with or without retraction. On US, trochanteric bursal thickening manifests as hypoechoic foci that may demonstrate hyperemia on power Doppler. GTPS associated with gluteus medius tendinopathy has been shown to benefit from US-guided steroid injection [50] . On MRI, bursal thickening manifests as high T2 signal in the greater trochanteric bursa often in the setting of tendinopathy of the gluteus medius and minimus tendons.
Management Conservative treatment is the primary therapy with physical therapy and judicious use of US-guided steroid. Although uncommon, if there is a visible distended bursal sac, that site itself can be targeted for sonographic guided steroid injection. In the absence of a distended greater trochanteric bursa, peritendinous injection superficial to the gluteus medius tendon insertion provides symptomatic relief [50] . Surgery is also an option, as there is a growing interest in using primary abductor repair and endoscopic trochanteric bursectomy.
Osseous Injuries
Stress fractures of the femoral neck and acetabulum can occur uncommonly with overuse. Adolescent athletes can sustain physeal and bony stress injuries. Ballet dancers and gymnasts often show delayed skeletal maturity and thus may experience these injuries at a much later chronological age. The ischial apophysis, the attachment site of the hamstring tendons and adductor magnus, begins to ossify at 13-15 years of age and fuses to the pelvis by 16-25 years. Ischial tuberosity avulsion fractures are common in dancers, runners, and soccer players due to forceful hip flexion and knee extension [27] . The hamstring muscle group is susceptible to injury for several reasons: one component, the biceps femoris, has two heads of origin, it crosses two joints, and it is made up of type 2 muscle fibers that produce a more powerful contraction [67] . Apophyseal avulsion may be cartilaginous or osseous and occur due to vigorous hamstring contraction with the hip flexed or knee extended. Apophysitis is a chronic traction injury without bony avulsion. Alternatively, the injury can occur not at the apophysis but primarily within the muscle or tendon.
Imaging Features Avulsion fracture of the ischial tuberosity is seen as a sharply defined bone fragment, displaced inferior to the ischial tuberosity (Fig. 14) . In skeletally immature dancers, forceful hip flexion can cause Salter I injury at the apophysis. On US, longitudinal scanning over the ischial tuberosity may demonstrate the displaced thin echogenic surface of the ischial tuberosity ( Fig. 14) and US may reveal an associated hematoma at the site of the avulsion. However, sonography is less accurate than MRI for diagnosing proximal hamstring avulsion [96] , because of deeper location of the ischial tuberosity, especially in obese or muscular patients. In addition, the presence of mixed echogenicity hematoma can make detection of the avulsed tendon difficult on sonography [96] . Chronic fractures demonstrate irregularity and bony remodeling at the site of avulsion. MRI is also more sensitive than sonography for detecting mild muscle strain due to its greater soft tissue contrast.
Management Conservative US-guided targeted therapeutic steroid injections may be useful in dancers with chronic refractory pain at the hamstring origin. Retrospective independent studies have shown that PRP is superior to traditional conservative treatment [100] . Ultrasound-guided PRP injections have been shown to provide moderate pain relief in majority of patients with tendinopathy [100] . A recent prospective study concluded that biologic therapies such as autologous blood (AB) and PRP injection were moderately effective for treatment of recalcitrant tendinopathy which failed to respond to conservative treatment, and PRP was more effective than AB [101] . Reliable independent randomized controlled trials regarding PRP injections for hamstring tendons are lacking, however, our institutional experience regarding PRP hamstring injections in ballet dancers has been promising. Non-operative treatment with only protected weight bearing is initially utilized. Surgery may be required for displaced avulsion fractures.
Knee
The most common knee injury in ballet dancers is proximal patellar tendon overuse injury, known as jumper's knee [72] . Ballet dancers commonly face knee hyperextension injuries due to extreme laxity of the knee ligaments (loose ligaments). Hence, dancers often place excessive stress on the knee joint itself, instead of using muscle strength for movement. Injuries occur due to improper positioning when the dancer Blocks^back into the knees. Medial collateral ligament (MCL) injury is the most common ligamentous injury around the knee in dancers [72, 104] . Anterior cruciate ligament injuries are less common in dancers than in athletes participating in team ball sports due to better lower extremity balancing skills, and they are usually related to fatigue [52] . Patellar tracking disorders can occur due to general ligamentous laxity or poor quadriceps muscle tone. Medial tibial stress syndrome affects the posteromedial tibial shaft and manifests as periosteal reaction without a defined fracture. High amounts of stress on the lower extremity can result in Bshin splints^or tibial stress fractures in severe cases. Stress fracture of the anterior tibia is seen with the Bbravura^style of ballet choreography, which emphasizes dramatic leaps producing large deceleration forces on the tibia. This style is commonly utilized by the American Ballet Theatre [33] . Aging dancers commonly experience anterior knee pain from chondromalacia due to wear of the patellar articular cartilage.
Imaging Features MRI provides detailed evaluation of deeper structures such as menisci and cruciate ligaments in the knee, which cannot be evaluated with US. MRI features of jumper's knee include tendinosis manifested by thickening of the proximal patellar tendon and T2 hyperintensity with or without tear (Fig. 15a, b) . Diagnostic US and targeted US-guided procedures can be easily utilized for more superficial structures such as the patellar tendon and the collateral ligaments. On ultrasound, patellar tendinosis alone manifests as hypoechoic thickening (Fig. 15c, d ), often demonstrating concomitant hypervascularity on power Doppler imaging, while superimposed tears may be seen as partial or full thickness clefts within the substance of the tendon (Fig. 15c, d ) [13] . Enthesophytic change and/or intratendinous ossification are not uncommon. Stress reactions and stress fractures would be easily visible on MRI but difficult to detect on US unless there is cortical disruption or exuberant periosteal reaction.
Management Conservative management with physiotherapy is initially indicated for jumper's knee. There is now evidence that chronic tendinopathy is related to inflammatory cascade as discussed in detail under Achilles tendinopathy management. Corticosteroid injections for short-term pain relief have been shown to be beneficial as shown by evidence-based research [17, 49] . Occasionally, focal debridement of areas of painful myxoid degeneration at the site of patellar tendinosis may be necessary. Ultrasoundguided needle tenotomy and PRP injection have shown clinically significant response with chronic refractory tendinopathy [28] . However, there is currently minimal scientific evidence in the form of a in vivo randomized controlled trial establishing that either PRP or autologous blood is effective when compared to placebo or no injection and further studies are going on. Alternative approach is to control pain by denervation procedures which aim to disrupt neural ingrowth which is accompanied by neovessel formation in chronic tendinopathy [5] . Emerging techniques in this area include sclerosant therapy (polidocanol and possibly dextrose) [4] , high-volume tendon stripping injections [15] and surgical techniques such as paratenon stripping. As shock waves are toxic to nerves, it is possible that ESWT may influence pain processing due to direct effect on peripheral nerves [58] .
Discussion
Behind a perfect evening of beautiful ballet performance lays the pain of endless hours of rehearsals. Behind beauty lies pain! Ballet is a physically challenging sport requiring immense dedication and long hours of rehearsals in demi pointe and en pointe position, making dancers prone to various orthopedic injuries. The most common site of injury is seen at foot and ankle, followed by hip and then knee. This review article has a twofold purpose, i.e., to outline the interesting imaging findings of commonly seen lower extremity injuries in ballet dancers and secondly to create some awareness about the available ultrasound-guided therapeutic interventions by giving a brief overview of our institutional experience. Successful management of these injuries involves a multidisciplinary approach with orthopedic surgeons, foot and ankle specialists, podiatrists, rehabilitation team as well as radiologists. Radiologists are the meeting point between various disciplines and have a key role to play. Radiologists can create added value by facilitating in quick diagnosis and recovery of these athletes for who time is life, with focus on shortening the recovery period whenever possible.
Ultrasound and MRI are two great radiation free modalities available to us today. MRI is immensely useful in assessing the deep structures, such as bone, cartilage, joints, synovium, neurovascular structures, labrum, and deep musculature. However, at this time, MRI is a static exam. Ultrasound on the other hand is a readily available, quick dynamic modality, which is also cost-effective. In the right hands, this modality allows real-time visualization of structures in motion while exposed to offending stimulus, for example episodic peroneal tendon subluxation is often times seen only during circumduction of the foot under dynamic sonography and may be missed on MRI. Secondly, the utility of ultrasound as a diagnostic as well as therapeutic modality is ever expanding. Since ultrasound offers excellent resolution for superficial structures, it is of great value in assessing pathologies of foot and ankle. Real-time ultrasound-guided injections are routinely used for both diagnostic (1% lidocaine injections for confirming the site of pain) and therapeutic (steroid/PRP injections) purposes at our institution. The drawback of ultrasound lies in the fact that it is operator dependent and cannot evaluate deeper structures such as bone marrow, cartilage, deep joints, and may be suboptimal in patients with large body habitus.
Our study has several limitations. Since ours is a review article based on our institutional experience, it is out of scope of this article to make recommendations regarding specific therapeutic interventional techniques, which would require a large-sample-sized double-blinded randomized observational study. Utilization of ultrasound as a diagnostic and therapeutic tool has tremendous inter-institutional and inter-user variability and its optimal utilization requires certain degree of hands on skill.
Of all the various dance forms, ballet places the most stringent physical demands on its performer. Ballet is an arduous activity requiring long hours of practice and balancing of the foot in en pointe or demi pointe position, which alters the normal biomechanics and predisposes the performer to a variety of lower extremity injuries. US and MRI play complementary roles in the diagnosis of lower extremity injuries in ballet dancers, with dynamic imaging and US-guided targeted interventions playing a crucial role in both the diagnosis and management of these injuries.
